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SUMMARY 
Martin Marietta Aerospace has  completed the inventory,  inspect ion,  p r e -  
l iminary layout drawing, list of spare  p a r t s  required,  and an implemen- 
t a t i o n  plan f o r  adapting the Saturn V Hydrodynamic Support (HDS) t o  the  
Space Shu t t l e  Mated Vehicle Ground Vibration Test (MVGVT). 
The major HDS components which have been saved are gene ra l ly  i n  good 
cond i t ion  and can be r e a d i l y  adapted f o r  Space S h u t t l e  MVGVT. Approxi- 
mately 73% of the Saturn V equipment has  been saved and is equivalent  
to 60% of the value of the o r i g i n a l  Saturn V equipment. 
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I. INTRODUCTION 
This r epor t  descr ibes  the cond i t ion  of the  equipment r e t a i n e d  from the 
Saturn V HDS and d e f i n e s  the work necessary t o  supplement, modify and 
r e f u r b i s h  i t  for  the Space Shu t t l e  MVGVE. The HDS eqclipment provided 
a six degree of freedom s o f t  suspension system f o r  the Saturn V-Apollo 
dynamic test (see Figure 1-1). Major elements of  the  system were pre- 
served t o  varying degrees and saved f o r  f u t u r e  use.  The HDS w i l l  be 
used t o  test the Space S h u t t l e  Launch and Solid Rocket Booster burnuct 
configurat ions.  
Sect ion I1 of t h i s  r e p o r t  desc r ibes  the design changes necessary to 
adapt  the Saturn V HDS des ign  f o r  Space Shu t t l e .  
Sect ion I11 gives the r e s u l t s  of the  inventory a i d  inspect ion.  
Sect ion I V  desc r ibes  the work necessary t o  r e v i t a l i z e  the HDS f o r  Space 
S h u t t l e .  
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11. DESIGN CHANGES REQUIRED 
The HDS used f o r  Saturn V can be r e a d i l y  adapted f o r  t e s t i n g  the Space 
Shut t le  Launch and SRB burnout condi t ions .  Figure 11-1 shows the con- 
f i g u r a t i o n  required f o r  Space S h u t t l e .  The p r i n c i p a l  d i f f e r e n c e s  between 
i t  and the Saturn V conf igura t ion  (Figure 1-1) a r e  t h a t  the pedes ta l s  are 
re loca ted  i n  a rec tangle  15-1/2 x 42 f e e t  i n s t e a d  of a 32 f o o t  c i rc le  and 
they a r e  approximately 10 feet  lower. 
A.  MODIFICATIONS 
i. Return Pumps 
Adr'itional o i l  r e t u r n  pumps w i l l  be rcqui red  s i n c e  wi th  the supports  a t  
the lower e l e v a t i o n  the o i l  w i l l  not f low back t o  the reservoir by g r a v i t y  
as was the case  with the  Saturn V configurat ion.  One pump and sump tank 
can be used for each p a i r  of supports.  Necessary flow rate c o n t r o l s  and 
l i q u i d  l eve l  switches w i l l  be required.  The swap tank should be b a f f l e d  
t o  provide f o r  separa t ion  of d i r t  and water. 
2. Auxi l l ia ry  Contrcl  Panel 
An a u x i l i a r y  c o n t r o l  panel w i l l  be requi red  t o  mount the a d d i t i o n a l  
c o n t r o l s  required by the unequal loading of the supports.  These a r e  
comprised of the a d d i t i o n a l  flow modulation c o n t r o l s  required f o r  s t a -  
b i l i t y  due to  the unequal loading. 
3 .  Bumpers and Brace S t r u c t u r e  
The bumpers and bumper moving mechanism can be the same a s  the Saturn V 
configurat ion (see Figure 11- 1 ) .  
t o  the new l c c a t i o n  i n  the test  tower poss ib ly  using the plat€-rm columns 
shown i n  Figure 11-1 f9r some l a t e r a l  support .  
The brace s r r u c t u r e  must be adapted 
B. IMPROVEMENTS 
A numhc.r c;f improvemen'is can be made to the Saturn V design t o  assure  
t h a t  the MVGVT can be completed without any s i g n i f i c a n t  down time due 
t o  the HDS malfunction. Subsystems which were troublesome o r  marginal 
should be improved s o  a s  no t  t o  requi re  a h igh  degree of s k i l l  and in -  
genuity to  kee? the system i n  operat ion.  Some of the  improvements a r e  
f a c i l i t a t e d  by L ? absence of design c n w t r a i n t s  of the  Saturn V ;  e .g . ,  
l i g h t e r  load, the space r e s t r i c t i o n  required t o  remove F- 1 engines ,  less 
v a r i a t i o n  i n  magnitude of the mass of t h e  tes t  a r t i c l e .  Feas ib le  changes 
a r e  a s  follows. 
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1. Pedes t a l  Enclosures 
Each p a i r  of supports should be enclosed i n  a room s i m i l a r  t-) the  one 
wiiich previously enclosed the c o n t r o l  console. This enclosure i s  made 
of prefabricated s tee l  panels of the type f r equen t ly  used f o r  shop of- 
f i c e s .  
en t e r ing  the hydraulic s y s  t e m ,  p ro t ec t  the supports and instrumentat ion 
systems a g a i n s t  cold and r a i n ,  which was a p r i n c i p a l  cause of component 
f a i l u r e s  during the  Saturn V tes t .  
This w i l l  provide much g r e a t e r  p ro tec t ion  a g a i n s t  d i r t  and water 
2 .  Ligh t  Weipht O i l  
The v i s c o s i t y  of the o i l  used i n  the hydraul ic  system can be reduced t o  
about 1000 SSU,approximately li'2 t h a t  use& f o r  the Saturn V launch con- 
f i g u r a t i o n  bu t  50% g r e a t e r  than t h a t  used a f t e r  removal of the  S-1C 
s tage .  This  w i l l  r equ i r e  a f i v e  ga l lon  per minute  increase i n  flow t o  
the  f l a t  bearing which i s  wi th in  the capac i ty  of the e x i s t i n g  pumps a t  
the reduced pressures  needed f o r  the  Space Shu t t l e  veh ic l e .  The l i g h t e r  
o i l  w i l l  work s u b s t a n t i a l l y  b e t t e r  w i th  the f i l t e r s ,  boos t  pump, r e t u r n  
puni?s, a l l e v i a t e  cold s t a r t  up problems and make the f l o a t  sunk sensor 
operat ion less c r i t i c a l .  
3 .  Instrumentat ion 
The following instrumentat ion subsystems which were marginal can be 
improved : 
a .  
h. f l o a t  he igh t  i n d i c a t i n g  system; 
c. f l o a t  sunk warning system. 
p i s  ton height  indica t i on  and warning sy:. t e m ;  
4 .  F l o a t  Seal 
The hemispherical  f l o a t  i n s i d e  the pis ton (see Figure 11-2) s e a l s  the 
high pressure ni t rogen use f o r  the a i r  sp r ing  when the veh ic l e  i s  parked 
on the supports  and the o i l  pressure goes t o  zero .  During the SatLrn V 
t es t s ,  the f l o a t  on the number two support  would f a i l  LO s e a l  i n t e rmi t -  
irantly causing operat ing problems. 
inspected and the s e a l  design can be modified a s  required.  
The f l o a t  and s e a l i n g  r i n g  should be 
5.  Boost Pump 
A pos i t i ve  displacement boost pump was used on the .jarurn V HDS t o  pump 
o i l  through the heat  exchanger atxi t o  provide a high precharge pressure 
f o r  t h e  high pressure pumps. This type pun? was s e l e c t e d  in s t ead  of n 
c e n t r i f u g a l  pump normally used i n  the a p p l i c a t i o n  becal;se of the concern 
about the a f f e c t  of the unusuclly viscous o i l  i n  the high pressure pumps. 
The pump used and the associated bypass pressure c o n t r o l s  required exten- 
s i v e  maintenance and adjustment. 
c e n t r i f u g a l  pcmp which would a l l e v i a t e  the operat ing problems. 
The boost pump can be replaced wi th  =r 

-- AI-; 
6. Flow Modulation Coatrol  
Due to the c h a r a c t e r i s t i c s  inherent  i n  the design of the p i s t o n s  and 
cy l inde r s ,  the p i s ton  height tends t o  vary  with load i n  a d i f f e r e n t  
manner than a simple spring. 
t i o n  of the svrpport by modulating the inpu t  o i l  flow t o  the bottom of 
 he piston. 
including the p i s t o n  sp r ing  rate and supported load. Since these fac- 
tors are d i f f e r e n t  Eo= the two p a i r s  of supports ,  the flow modulation 
system must be redesigned to  provide the d i f f e r e n t  flow modulation re- 
quired f o r  each pair of supports.  
This must be cor rec t ed  for proper opera- 
The flow modulation required depends on s e v e r a l  f c c t o r s  
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111. INVENTORY AND INSPECTION 
The resul ts  of the inventory and inspection are l i s t e d  in  Appendix A.  
A sumnary by subsystem is  shown i n  Table 111-1. 
tons, cylinders and bearings i s  described i n  d e t a i l  i n  Appendix B. 
Inspection of the p i s -  
111- 2 
Table 111-1. Inventory and Inspec t ion  Summary 
Subsys tern 
Control  Console 
Park S t ruc ture  
P i s  ton 
Cylinder 
P is ton  and Cylinder 
Auxi l ia ry  Equipment 
F l a t  and Spherical  Bearing 
Bearing Valves and Manifold 
I n s t r .  T r a i l e r  Panel 
Brace St ruc ture  
Bumpers 
Ccpi l la ry  Panels 
Hydraulic Pumping S ta t ion  
Misc. Equipment on Pedes ta l s  
I %of 
Saturn V 
System 
E l e c t r i c a l  Power Di s t r ibu t ion  , 
Instrumentation 
I n s  t a  1 led Piping , Wiring, 
Conduit 
Disassembly Handling Equip. 
Cal ibra t ion  Console 
Spares 
i 
I 
I 
10 
6 
10 
10 
8 
7 
2 
1 
4 
3 
2 
10 
7 
7 
6 
6 
1 
1 
5 
I 
Weighted Average 
TOTAL j 100 
% Present  
100 
100 
100 
100 
0 
100 
0 
0 
100 
100 
50 
90 
5 
80 
10 
25 
95 
0 
80 
7 3  
70 Good 
8 5  
85 
8 5  
90 
-
-- 
95 
-- 
-- 
50 
35 
80 
80 
50 
90 
50 
90 
75 
-* 
85 
81.9 
~ 
% of 
Orig ina l  
Value 
8.5  
5.1 
8 . 5  
9. 
0 .  
6.7 
0. 
0. 
2. 
1. 
.8 
7.2 
.2 
5 .  
. 3  
1.4 
.7 
0. 
3.4 
59.8 
. .  IV. I W U M E N U T I O N  PLAN 
: . . 
A. EMG@EiSEi& PlAN 
1- - Design and'-Ani l y e  
c I .  - a  
The fol lowing desiy and ana lys i s  t a sks  'are to be accomplished. 
* .  
a.  Revise hydraul ic  schematic inc luding  a l l  l i n e  sizes and de f ine  
all components by p a r t  n u d e r .  
b. Document revisions to hydros t a t i c  bearing design f o r  Space 
. . - Slutrle'. ' 
c. .' Desi& Auxililijfy Control  Panel ' required for uneqpally loaded 
..i I : .  
* !:!; , , '. 
suppor ts  i n  space s h u t t l e  conf igura  t ion .  
modulation required for the two test cclnditions.  
Define the flow 
. , . . .  
d.  Design return pumping system:' 
. I  ' 2 # '  , . . , .- I) pump -se lec t i o n ,  
2) sump des ign ,  
3) flow contro! system design,  
4) c o n t r o l  panel i n d i c a t o r s  and con t ro l s .  
Redesign p is ton  he ight  i nd ica t ion  and warning sys'ten: 
1) new p! s ton  he ight  potenciometet i n s t a i l a t i o u ,  
2) 
Redeslgn f l o a t  he ight  i n d i c a t i n g  system including the hydraul ic  
fuse 88A4100853 (an automatic shutof f ) .  Define tes t .  
d e l e t (  new thermistor. in i loat '  sunk 'system ' t o  take advantage of 
* ' 8,- 
e .  
, . .  
A .  1 . . .  ncw p : s t o n  height  warning switches.  
f 
. .  
c .  * + .  . . .  
a ' . , .  6.. 
- * . . , ,  . l ibihter o i l  and lower pressures ,  ' ,De f ine  tes t .  
. I  ' 
h. "Redesign f l d a t  seat  s e a l  and def ine  test of new-sea l .  
i. Lay03 'wipers and brace s t r u c t u r e .  
j. Define HDS i r t e r h c e  with f a c i l i t y  and STE:' 
1) bumper loads,  
2) park disc t o  SRB adapter  frame, 
3) 
4) s u p p o r t  p ressures ,  
remote ind ica to r s ;  e .g . ,  support  he igh t ,  p a r t  ' i nd ica t ion ,  
rnENA-L PAopp b 5 )  park  he ight  shims. 
OF mlt QuI'rtfip 
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k. D.?;-ine o v e r a l l  acceptance test of the  completed system. 
Detail drawings must be prepared f o r  the HDS Space S h u t t l e  conf igu ra t ion .  
Maximum us(- can  be made o f  the Saturn V drawings by making changes on re- 
producible copies  f o r  modified p a r t s  and those wi th  minor changes. 
following is an estimate of the scope of changes t o  the drawings: 
The 
New dr iwings 35 
50% w . l i f i e d  drawings 75 
Winor modifications 125 
3. Reports 
The fo1lowi:rg r e p o r t s  nust be prepared o r  supplemented as indicated:  
a. 
b. r e l i a b i l i t y  a n a l y s i s ,  
c . hazard ana lys i s ,  
d. hydros t a t i c  bear ing design a n a l y s i s  
e. 
f. 
flow modula t im and v e r t i c a l  dynamic response of the ind iv idua l  
supports , - 
hydraulic s y s  tern ana l y s i s  
stress a n a l y s i s ,  a supplement t o  ER14034, "Detail  S t r e s s  Analysis, 
Hydrodynamic Support f o r  Saturn v". 
4. E n g i i i e e r i n g S u p p G  
Engineering support  must be provided t o  so lve  problems occurr ing during 
manufacture, t e s t ,  i n s t a l l a t i o n  and ope ra t ion  of the  HDS. 
B. FABRICATION OF REPLACEMENT AND NEW PARTS 
1. Piston and Cylinder Ass &y 
The pis ton and c)- 'ncier  assemblies must  be completed pe r  drawing 88A4100410. 
P a r t s  needed to complete the assembly gene ra l ly  c o n s i s t  of flow c o n t r o l  
valves ,  coverp., hea t e r s ,  guide bear ings,  plumbing, f l o a t  sunk warning sys- 
t e m ,  piston m i g h t  potentiometer i n s t a l l a t i o n ,  guide blocks,  park  blocks. 
Only the foilciwing p a r t s  a r e  ava i l ab le :  
?is ton - 88A4100417, 
Cylinder - 88A4130418, 
F l o a t  - 88A41C3465, 
F l o a t  Sc ? c 88A4100456, 
Bai l ing lube - 88A4100467, 
Float  Sensor D e t a i l s  - 88A4100866, 
'.IOU t F i t  t i n g s  - 88A4100492 
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3. F l a t  Bearing Assembly 
The f l a t  bearing a s s e t b l y  88A4100423 c o n s i s t s  of the bearing block, 
ten flow c o n t r o l  valves ,  s i x  o r i f i c e s ,  a manifold and a s soc ia t ed  plumbing 
(see Figure IV-1) .  The only par t s  present  are the c y l i n d r i c a l  block 
88A4100405-13 and the s ix  o r i f i c e s .  The bear ing assembly must be com- 
pleted t o  the  requirements of the o r i g i n a l  drawings with the  exception 
of the hole  i n  the o r i f i c e s  which may be enlarged i f  l i g h t e r  o i l  and 
g r e a t e r  f low is  used. 
4. Bearing Disc 
A t h i n  Teflon coated d i s c  is placed between the top of the  s p h e r i c a l  
bearing and the steel s t e m  support ing the vehicle .  I ts  func t ion  i s  t o  
reduce the c o e f f i c i e n t  of f r i c t i o n  t o  between .05 and .1 t o  provide a 
s l i p  plane and prevent damage to  the  veh ic l e  should the bear ings f a i l .  
These d i s c s  88A4100455 must be replaced wi th  new ones. 
5. Linear  Flow Control V a l v e  88A4100483 
r n r e e  v a i w s  must k fabricated t o  replace the  missing ones. 
6 .  Access Platforms 
Four sets of platforms similar t o  88A4100480-029, 039 and 049 must be 
f ab r i ca t ed  t o  replace the missing ones. 
7. Auxi l ia ry  Control Panel 
The a u x i l i a r y  panel must be b u i l t  new but  can use e x i s t i n g  components 
a s  indicated on the inventory l ist .  
8. Bumpers and Brace S t ruc tu re  
The e x i s t i n g  bumpers and brace s t r u c t u r e  may be used wi th  some added 
structure. 
p l a t e s  added t o  accommodate the new configurat ion.  
be f ab r i ca t ed .  
the r o l l  bmners 88A4100464 must be replaced wi th  new rubber. 
The co rne r s  of the e x i s t i n g  platforms can be c u t  and s p l i c e  
New cover p l a t e s  must 
The rubber on the p i t c h  and yaw bumpers 88A4100466-29 and 
9. Pis ton  and Cylinder I n s t a l l a t i o n  Hardware 
One pis ton and cy l inde r  assembly may be i n s t a l l e d  i n  a Park S t ruc tu re  
assembly o f f - s i t e  i n  order  t o  p r e f a b r i c a t e  and develop i n s t a l l a t i o n  
hardware (see Figures  IV-2 and IV-3). 
i n s t a l l e d  i s  s i m i l a r  t o  t h a t  on drawing 88A4100488 and c o n s i s t s  of the 
following: 
The equipment t o  be developed and 
a .  tubing i n s t a l l a t i o n  88A4100488, 
b. revised f l o a t  he igh t  sensors  similar t o  88A4100875-001, 
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c. covers per  88A4100898, 
d .  bellows t o  seal between park d i s c  and tripod 88A4100430 (new design), 
e .  scupper boot i n s t a l l a t i o n  - see 88A4100400, sheet 18, 
f .  plumbing to  r e t u r n  pump,. 
C .  TEST PLAN 
1. P i s t s n  and Cylinder Spin and Bounce T e s t  
The p i s ton  and cy1inde.r should be tested a s  descr ibed  i n  Appendix C. 
t e s t  will determine the,  p i s ton /cy l inde t  gap, measure the damping, v e r i f y  
the f l o a t  has  proper c learance  and v e r i f y  t h a t  t he  t o p  of Che p i s t o n  is  
s u f f i c , i e n t l y ,  f l a t  f o r  proper f l a t  bear ing operation. 
The 
2 .  Ver i f i ca t ion  Tes t s  
,. 
Devehpmnt  t e s t s  of the fol lowing new or modified systems should be 
conducted : 
a .  [ loa t  seal, 
L. f l o a t  he ight  i nd ica t ing  system, 
c .  f l o a i  sunk warning system, 
d .  p i s ton  height  ind ica  t o r ,  
e .  r e tu rn  pump and c o n t r o l s ,  
i. nwci l ia ry  c o n t r o l  panel. 
3 .  Flq'draulic Pum:.,in;, S y s  teill 
Tile h o d i f i t d  hydraul ic  syseem should be t e s t e d  i n  accordance with 
f o r  the  Spncc Shu t t l e  app l i ca t ion .  
Hldrarilic Unit Tes t  Specif icat ion",  88A4100870 with minor r ev i s ions  II 
4 .  - Test  of the Completed S y a m  
The system should be t e s t ed  a f t e r  completion u u t  before i n s t a l l a t i o n  
u f  v e h i c l c  i n  accordance with "Post I n s t a l l a t i o n  Tes t  Procedure", 
88124100855 revised as  necessary f o r  the Space S h u t t l e  configvration. 
This test  procedure w i l l  include t e s t s  to  v e r i f y  t h a t  haza rds  ( includ- 
ing  vehic le  damage) from hardware f a i l u r e  or opera tor  error have been 
elimin.iced o r  con t ro l l ed .  
D. SAFETY ANALYSIS 
The "Re l i ab i l i t y  Analysis and Correc t ive  Action Summary €or the Saturn V 
HDS" ER14038 must be supplemented t o  meet !!E S?ace Shuttle s a f e t y  re- 
quirements. 
IV-3 
E. INSPECTION PLAN AND QUALITY CONTROL 
The Qual i ty  Assurance Program w i l l  be i n  genera l  conformance with the  
appl icable  port ions of NIIB 5300.4 (ID-1) and w i l l  include the  following: 
1. newly f ab r i ca t ed  o r  modified p a r t s  w i l l  be inspected t o  v e r i f y  
t h a t  they comply with the  requirements of the  drawings; 
2. purchased components which a r e  genera l ly  i n d u s t r i a l  components 
w i l l  be inspected t o  v e r i f y  conformance with the  vendors pub- 
l i shed  d a t a ,  workmanship and c l ean l ines s .  Spec ia l  inspec t ion  
requirements w i l l  be spec i f i ed  on engineer ing drawings; 
3 .  the r e s u l t s  of a l l  func t iona l  tests w i l l  be v e r i f i e d  by inspec- 
t i o n  and documented; 
4. the  i n s t a l l e d  equipment will be inspected to  v e r i f y  compliance 
with i n s t a l l a t i o n  drawings; 
5 .  f a i l u r e  ana lys i s  w i l l  be performed on a l l  f a i l e d  i tems c r i t i c a l  
t o  the  s a f e  and e f f i c i e n t  opera t ion  of t he  HDS. 
F. SYSTEM INSTALLATION 
The i n s t a l l e d  system is shown i n  F igure  11-1. 
w i l l  be less than Saturn V due t o  the  f a c t  t h a t  the concre te  pedes t a l s  
a r e  not  requi red  and the  hydraul ic  pumping system, e l e c t r i c a l  power 
system and the  con t ro l  console  a r e  i n  place.  Most of the  instrumenta- 
t i o n  and c o n t r o l  wir ing must be replaced.  
rep lace  the  wir ing i n s i d e  the c o n t r o l  console.  
The i n s t a l l a t i o n  work 
It may not  be necessary t o  
The hydraul ic  pressure  l i n e s  can be made of s t a i n l e s s  steel  ins tead  of 
t he  carbon steel  used  i n  the Saturn V HDS. 
f o r  the r e tu rn  L i n e s  may be used ins tead  of carbon steel .  
l i n e s  can be smaller i n  diameter due t o  the  use of r e tu rn  pumps and 
lower v i scos i ty  oil. 
P l a s t i c  or aluminum pipe 
The r e tu rn  
The hydraul ic  l i n e s  and most components must be heated and in su la t ed .  
The l ines and components wi th in  the pedes ta l  enc losure  may not  requi re  
hea t ing  . 
G. OPERATING PROCEDURE 
An opera t ing  procedure s imi l a r  t o  the "Technical ManuPl, Saturn V 
Hydrodynamic Support Sys tern" iws t be prepared. 
con ta in  about 160 pages. 
This  document should 
IV-9 .  
H. REFURBISHMENT PLAN 
The primary cons ide ra t ion  i n  refurbishmest  of the .€IDS equipment it3 the. 
maintenance of the r e l i a b i l i t y  of the system. The -peen t i m e  between 
fa , i lu res  (MTSF) which .could s t o p  o r  d e l a y  t h e :  test was about 1000 hours 
on the  Saturn V system. The refurbishment required i s  sununarized below. 
1. &draul ic  Pumping System 
, .  * '  , 
A l l  c r i t i c a l  components should be put i n  "good as  new" condi t ion.  
I I . .  . 
a.  High pressure pumps - The pumps w i l l  be overhauled and . tested,  t o  
o r i g i n a l  s p e c i f i c a t i o n s  ( a t  a small f r a c t i o n  of replacement 
c o s t s )  . I . .  
b. Boost pump - .Replace with new pump. 
c .  @ a t  exchange - Clean and chemically treat  the i n s i d e  of case ,  
I t  rod out'' tu5es ,  proof pressure test. ' ,. 
d.  Bladder accumulators - Clean, replaoe bladders and sea lg .  
e. r i s t o n  accumulators - Replace seals, hone i n s i d e  diameter a s  
.. .. . . ... 
necessary. 
Miscellaneous valves  - I n s p e c t ,  replace- s e a l s  a s  required,  bench 
tes t .  
f .  
g .  Pipe manifolds - Remove, c l e a n  and chemically treat  i l lside of 
P i p e  ' 
2. Elec t r . i ca  1 Power Sys tern 
Tes t  i n s u l a t i o n ,  func t iona l  test  under f u l l  load. 
, 
3. S t r u c t u r a l  C a s t i n g  
Dye check f o r  cracks.  
4. Instrumentat ion 
Exis t ing instruments t h a t  w i l l  be reused must be removed f o r  r eca l ib ra -  
t i o n  and necessary r e p a i r .  
5 .  9 d r o s t a t i c  B e a r i n g  
The hydros t a t i c  bearings should be check 1 f o r  the cond i t ion  of p l a t i n g  
on the sphe r i ca l  bearing and f o r  nicks and den t s  on a l l  bear ings.  
c a l  dimensions m u s t  be checked t o  see t h a t  they a r e  within tolerance.  
C r i t i -  
6. Hoses 
A l l  hoses must be replaced with n e w  ones. 
IV- 10 
I. SCHEDU!! AND LONG LEAD ITEMS 
The schedule for the  Space Shu t t l e  HDS i s  shown i n  Figure IV-4.  
mate r i a l  and equipment requirements oust be determined by December, 
1976, a n t i c i p a t i n g  a maxiavm lead t i m e  of 26 weeks which is the c u r r e n t  
lead t i m e  on hiqh pressure pipe. 
A l l  
J .  GOVERNMENT FURNISHED PROPERTY AND SERVICES 
This plan assumes t h a t  the p r o p e r t y  and services l i s t e d  below w i l l  be 
furnished by the Government. 
1. Government Furnished Propgrty 
3. Saturn V M)S equipment l i s t e d  i n  the inventory 
b. HydrJulic test bench s u i t a b l e  f o r  c a l i b r a t i n g  and t e s t i n g  
hydraulic components. 
2, Government Furnished Services  
a. Instrument c a l i b r a t i o n .  
b. Hydraulic o i l  contamination measurement ( p a r t i c l e  count).  
c .  8-ton h o i s t  proof tests. 
K. COSTS 
The c o s t  of modifying and i n s t a l l i n g  the Saturn V HDS f o r  the Space 
Shu t t l e  MVGVT as descr ibed he re in  i s  est imated to  be $995,000, 
IV- 11 
Activity 
_. 
MSFC MILESTONES 
Contract Go-Ahead 
Design & Analysis 
Material Requirements 
Drawings 
Hazard Analysis 
Pabri i a t  ion 
Field Assembly 
Refurbishment 
Spin & Bounce Test 
Verification Tests 
Pedestal Ins t l  & F i t  Check 
Ins ta l lat ion 
- .- I 
Pumping System 
Complete System 
Test & Debug 
Pimping System 
Complete System 
Tech Manual 
Training 
Figure IV-4. Program Schedule 
1 
'1 
A 
APPENDIX A 
A-1 
INVENTORY AND CONDITION ASSESSMENT NOTES 
A. Inventory Notes 
1. The "no. Req'd." is for the  Saturn V conf igu ra t ion  &A is 
gene ra l ly  app l i cab le  t o  the Space S h u t t l e  conf igura t ion .  
2. "Spares Req'd" are complete u n i t s .  Additiczlal p a r t s  such as 
seals, lamp bulbs, gaskets, sp r ings  and diaphragms a r e  re- 
quired. 
3. 
4. 
Equipment t o t a l l y  missing is n6t  included in t he  inventory. 
P a r t s  which are present  bu t  appear imprac t i ca l  to r e fu rb i sh  
are marked. "Replace". 
-"-. u _. . *  - . . . ..- . - . -.* ... - * ,  
5. Missing hardware such a s  b o l t s ,  washers, shims, chain,  etc., 
is  not  ind ica ted .  
6 .  Assemblies which a r e  "cal led out" on the  top  drawing 8886100400 
are underl ined,  e.g.., 412-009. 
t h a t  it appear8 o j ~  the drawing tree. 
the numbers 8886100 are d t t e d  a's they are cdmmon t o  a l l  
drawings. 
Equipment is l i s t e d  in t h e  o rde r  
Note that on the list, 
B. Condition Assessments Notes 
'I. mete "G06il" o't%ir" appear- in the-"Ctmdiriolr &aessment" 
colunm, the  equipment appears  t o  be r e s t o r a b l e  t o  like new 
performance. 
Suggeste'd refikblsliim5nt and t e s t ' a r e ' s h o k  f o r  the purpose of 
more f u l l y  ind ica t ing  the  cond i t ion  of the equipment. 
"Poor" i n d i c a t e s  marginal f o r  reuse.  
2. 
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APPENDIX B 
INSPECTIOV OF PISTONS, 
CYIJNDERS AND BEARINGS 
B-1 
OK 
Very s l i g h t  r u s t  s p o t s  
OK 
Preservat ion Plan 
None 
None 
None 
The p i s tons ,  cy l inde r s  and h y d r o s t a t i c  bear ings were s t o r e d  i n  
accordance with "Hydrodynamic Suspension Sys tern Prese rva t ion  Plan", 
b e i n g  Document D5-15785, dated 12-18-68. 
The p i s tons ,  c y l i n d e r s ,  f l a t  and s p h e r i c a l  bear ings were s t r i p p e d  
of a l l  components, cleaned, coated wi th  cosmolene and wrapped i n  p l a s t i c  
sheets .  
ments were then packed i n  10 plywood boxes, approximately 10' x 5' x 6 ' ,  
each containing a s i n g l e  cy l inde r  o r  a s i n g l e  p i s ton  and bearings.  
Figure B-1 f o r  a photograph of the  p i s t o n  and c y l i n d e r  when new. 
The spare p i s t o n  and cy l inde r  were a l s o  preserved. These ele- 
See 
- Boxes 
The l a rge  plywood box that contained p i s t o n  number 3 was p a r t i a l l y  
ro t t ed .  One o thc r  box was s l i g h t l y  decayed. The remaining plywood 
boxes were i n  good condi t ion.  
replaced p r i o r  t o  repacking. 
The d e f e c t i v e  parts of these boxes were 
9 l i n d e r  s 
The i n t e r i o r  of a l l  c y l i n d e r s  were inspected.  The r e s u l t s  are 
shown i n  Table B-1. 
Table B-1. Condition of Cylinders 
Cylinder 
Number 
Af fec t  on 
Condi ti on Function 
S l i g h t  r u s t  s p o t s  
OK None 1 
The cy l inde r s  were resealed and placed i n  boxes; the box tops 
covered with b l ack '6  mil polyethelene.  
we re 

P i s  tons 
The number 3 p i s t o n  was removed from the p a r t i a l l y  r o t t e d  box. 
It proved t o  be i n  the worst condi t ion.  The p l a s t i c  wrapping contained 
about a gal lon of water.  About 20% of the  c r i t i c a l  s u r f a c e s  wre rusted.  
The preservat ive was removed from the  ou t s ide  of the p i s ton .  The loose 
r u s t  was removed with s teel  wool and number 240 carborundurn pape r .  
Rusted a reas  were t r e a t e d  with i n h i b i t e d  phosphoric acid (Duro branc 
"Naval J e l ly" ) .  
p i s ton ,  the damage was minimal. The damage w i l l  i nc rease  the  flow 
conduct ivi ty  by a maximum of 5% i n  the area of the worst r u s t i n g .  
Not withstandiug r'ie i n i t i a l  bad appearance of the 
OK 
I - 
The i n t e r i o r  of the p i s t o n  was examined and no r u s t  was found. 
None 
The groove around the c i r c u l a r  plug i n  the  top of the  p i s ton  was 
i n i t i a l l y  f i l l e d  with epoxy ( r e fe i cnce  drawing 88A4100418). 
was p a r t i a i l y  missing, perhaps due t o  erosion during u s e .  The missing 
epoxy s u b s t a n t i a l l y  reduces the a b i l i t y  of the f l a t  bear ing t o  resist 
t i l t i n g  moments due t o  hori-zontal  o s c i l l a t o r y  motion. The epoxy must 
be replaced i n  a manner t h a t  vi11 precJude i t s  d e t e r i o r a t i o n  i n  use.  
This  epoxy 
The f l o a t ,  f l a t  and s p h e r i c a l  bear ivg which were packed wi th  the 
pis ton were i n  good condi t ion.  The p i s t o n  was coated with cosmolene, 
wrapped i n  p l a s t i c  and reboxed. The remairling p i s tons  and bearings 
were examined through the t ransparent  p l a s t i c .  The r e s u l t s  a r e  s u m  
marized below. 
Table B-2. Condition of P i s tons  
P i s  ton 
Number 
1 
2 
3 
4 
5 
Condition Af fec t  on Function  None 
OK 
20% rus t ed ,  1 g a l  
:Ja t e r  under wrapping 
I Moisture under wrapping 
None 
Minima 1 
None 
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Pis ton/Cylinder Fbdia l  Clearance 
The "Affect on Function" i n  Tables B-1  and B-2 f o r  the p i s tons  and 
cy l inders  is  based on the assumption t h a t  the p i s t o d c y l i n d e r  c learance  
has not  changed s i g n i f i c a n t l y  during s torage  o r  handling. This assump- 
t i o n  i s  based on a comparison of the da t a  taken during the head-to-head 
test and the da t a  taken about nine months l a t e r  during operat ion of the 
HDS. There is a decrease i n  the clearance based on diametrL 1 measure- 
ments taken during man1 f ac tu re  and those der ived frJm tes t .  It seems 
most probable, however, t h a t  t h i s  d i f f e rence  is dt.e e i t h e r  to  the d i f -  
f i c u l t y  i n  accu ra t e ly  measuring the c y l i n d r i c a l  sur faces  of the p is ton  
and cy l inde r  o r  t o  the c o r r e l a t i o n  of the f l u i d  flow rate t o  the a c t u a l  
gap. See Tab le  B-3 and Figure B-2 f o r  q u a n t i t a t i v e  da ta .  
Manufactured 
Gap 
Head- to-Head 
Flow, gpm 
Head- to-Head 
Computed gap 
B- 5 
Table B-3. P i s  ton-Cylinder Gap Change 
. 
1 
1 1 
! .007" 
i 
, ,009'' 
e 6 . 8  
I 
' .0072" 
I 
I Saturn V C a p i l l a r y  Valve, Turns Open 2.15 
I 
Saturn V i 
Ind ica t ed  i 
Computed gap i .0071" 
1 
Change 
.008" 
.007" 
.006" 
.OO 5' 
.004" 
.003" 
.002" 
,001'' 
Mrnth 
i -.oool" 
Manufacture 
- .  
Support Number 
2 3 
.007" .007" 
.oo 9" .OG9" 
4.0 6.2 
.006" .007" 
1.80 2.10 
.0058" .007" 
- .0002" 0 
1 
4 Average ! 
3 .  ._ 
- i t 
-- 4 
.007" .OC3" 
.009" 
4.4 
.0062" .0066" 
1.85 
.9059"i .00645" 
- .0003" I - .OG021" 
I 
Average 
Ind ica t ed  gap . -  Most probable gap 
1 
4 r - -- -. - 
i i 
Head- to-Head Sa t u r n  V 
Test Test 
... L.-- A .--+-..A -.._--_ I-.+.;.---"--.- .. -... 1 
A p r  J u l  AP r 
Year '65 '66 '67 '68 '7'r '75 
Figure 8-2. Piston-Cylinder Gap Change vs Time 
APPENDIX C 
c- 1 
PISTON-CYLINDER UNIT TEST (SPIN & BOUNCE) 
A. Tes t  Objective: 
1. 
2. 
3. 
4. 
5. 
Determine p i s ton /cy l inde r  gap from pres su res  a t  the  12 r i n g  
bear ing recessed; 
measure p i s  t o d c y l i n d e r  damping; 
determine that f l o a t  has  adequate c learance;  
proof test pis ton;  
measure f l a t n e s s  of top of p i s ton  a t  operat ing pressure and 
v e r i f y  that i t  is  adequate f o r  proper bear ing operat ion.  
B. Tes t  Preparat ion:  
1. remove p rese rva t ive  and c l ean  r u s t  s p o t s  from p i s tons ,  c y l i n d e r s  
and f l o a t s ;  
2. i n s t a l l  f l o a t  i n  p i s ton ;  
3. i n s t a l l  plumbing flow c o n t r o l  valves  and pressure gauge on 
c y l i n d e r  ; 
4. i n s t a l l  p i s ton  i n  cy l inde r  using procedure shown i n  88A4100410, 
s h e e t  5; 
5. prepare accelerometer and s t r i p  recorder;  
6 .  i n s t a l l  plat form f o r  access t o  top of p i s ton ;  
7 .  connect hydraul ic  supply (see Figure C-1) .  
C.  Test  Procedure: 
1. measure bear ing recess pressures;  
2 .  o s c i l l a t e  p i s ton  v e r t i c a l l y  (by hand), measure logarithmic 
amplitude decay; 
3 .  r o t a t e  p i s t o n  and measure v e l o c i t y  decay; 
4.  measure p i s ton  top f l a t n e s s  a t  0 and 1600 p s i .  
c- 2 
D. Test  Analysis:  
1. compute pis ton-cyl inder  gap tt 12 r eces ses  based on Saturn V 
test da ta  ; 
2. compute pis ton-cyl inder  gap based on damping tests and compare 
w i t h  Saturn V da ta .  
F. Equipment Required: 
1. 3000 p s i ,  7.5 gpm hydraul ic  supply; 
2. accelerometer and s t r i p  c h a r t  records;  
3. guide p ins  p e r  88A4100410, shee t  5 ;  
4. miscellaneous plumbing for test se tup;  
5 .  12 flow c o n t r o l  valves  and tube assemblies  per 88A4100410; 
6 .  miscellaneous c leaning  equipment and s u p p l i e s ;  
7. s p e c i a l  spanner wrench t o  remove and i n s t a l l  f l o a t  s e a t  
r i ng .  
c- 3 
rotatioa 
I=\ vert ica l  o sc i l l a t ion  
7 Flow Control valves (U) 
Q-u- + + + 
Hydraulic Supply cart  
Figure C-1. Piston-Cylinder Uni t  (Spin & Bounce) Test 
APPENDM D 
NOTES FROM CONFERENCE 
W I T H  
(SORGE HOCH 
P1 
Conferences were he ld  wi th  George Hoch, the  former Martin Mar ie t ta  
superv isor  for the  i n s t a l l a t i o n  and ope ra t ion  of the  Sa turn  V HDS. 
A. Recommends t i o n s  
The fol lowing reconmendations a r e  made to  improve the  r e l i a b i l i t y  
ease of opera t ion ,  and fac i l i t a te  maintenance. 
1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8. 
9. 
10. 
Improve sound l e v e l  i n  c o q t r o l  panel  enc losure .  
OSHA requirements.  
It may not  meet 
Replace ins t rumenta t ion  v i r i n g  because of problems with s h o r t s .  
Replace boost  pump with one t h a t  r equ i r e s  less adjus tmer t  and 
maintenance. 
Provide p ro tec t ive  enc losur r  f o r  pedes t a l s  t o  prevent water and 
dus t  from e n t e r i n g  the hydraul ic  system and the  e lectr ical  and 
ins t rumenta t ion  condui ts .  
Run high pressure  pump motors a t  less than f u l l  load to  prevent  
overheat ing on hot  days. 
bse more r e l i a b l e  r e t u r n  l i n e  hea te r s .  
I f  shims a r e  added to the top of the  p a r t  s t r u c t u r e  inc rease  the  
park block he ight  a n  amount equal  t o  the shim thickness  so t h s t  
the f l a t  bear ing w i l l  remain i n  con tac t  with the sphe r i ca l  bear- 
i n g  when the veh ic l e  i s  i n  the park pos i t ion .  
Relocate the bear ing con tac t  warning meters i n s i d e  the c o n t r o l  
r oom. 
I n s t a l l  a p ro t ec t ive  housing over the  a rea  where the f i l t e r s  a r e  
changed t o  keep wind from blcwing d u s t  i n t o  the  f i l l e r  housings 
and c a r t r i d g e s .  
Add the fol lowing to  the per iodic  inspec t i o n  requirements.  
- I tern - Frequency Procedure Correc t ive  Action 
Hydraulic 2 Months Take sample from bottom Drain and Clean 
Re servo i r near o u t l e t  t o  boost pump 
Cylinders  2 Months Remove f i t t i n g  and c l ean  
bottom with suc t ion  pump 
D.2 
11. 
12. 
13. 
14. 
Change the  needle va lves  on the  c o n t r o l  panel which have only 
an on-off func t ion  t o  qua r t e r  t u r n  va lves  t o  improve speed of 
opera t ion  i n  emergency s i t u a t i o n s .  
Increase  the s i z e  of AN200W8 bearing i n  the brace s t r u c t u r e  
assembly t o  improve ease  of bumper operat ion.  
Check the .005" f l a t n e s s  to le rance  on 88A.4100469-001 plates. 
Hove pressure  gauges PI-11 and PI-12 so t h a t  they a r e  v i s i b l e  
from the c o n t r o l  console enclosure.  
B. Documnts 
The following p e r t i n e n t  documents yere obtained and were forwarded 
under sepa ra t e  cover.  
1. "Hydrodynamic Suspension Sys tern Preserva t ion  Plan", Boeing 
document D5-15785, dated December 18, 1968. 
"Technical Manua 1, Sa tu rn  V Hydrody,iamic Support", revised 
Play 1, 1967, prepared by Martin Mariet ta  Corporation. 
2. 
